By means of using a plunger time-differential technique, spin precessions from a static free hyperfine interaction have been observed for low-energy 152 Sm nuclei recoiling into vacuum.
I. Introduction
Perturbed angular correlation techniques are being widely used as tools for the determination of static moments of excited nuclear states. If, however, these moments are known, then information on the pertinent fields is available, since generally the deduced quantity is the interaction frequency. In many cases only average or effective values, due to various relaxation mechanisms, can be determined.
Of particular value are those experiments where the interaction is free from any relaxation. In such cases one can relate unattenuated fields with nuclear parameters. Hyperfine magnetic or electric quadrupole coupling is especially desirable because of the magnitude of these couplings.
This article presents the results of an attempt to perform a measurement in relaxation-free conditions: The observation of nuclear spin precession under fields generated by atomic electrons in their ground state, in free ions.
II. The Hyperfine Interaction
The hyperfine interaction couples the atomic spin J with the nuclear spin I. In a free ion the magnetic coupling Hamiltonian K is given 1 by
K=(iuHWJ/IJ)I-J,
while for an electric quadrupole interaction r/T(Sh [3(I J) 2 + 3/2I J -PJ«] .
fi and Q are the magnetic and quadrupole moments of the nuclear state, #(0) and Fzz(0) are respectively the magnetic field and the electric field gradient at the nucleus. This interaction affects the nuclear alignment by causing its precession. The chanReprint requests to Dr. Y. DAR, Department of Physics, Technion -Israel Institute of Technology, Haifa, Israel. ges in the m-state population perturb the original angular distribution, of emitted gamma radiation.
A typical angular distribution of the form
even k will be modified through Gk(t), depending on the hyperfine interaction.
In a free ion, where the atomic spins J are randomly-oriented, one gets in a static case 2 :
where F = I +J and
Integral-attenuation measurements of angular distribution of gamma rays, following recoil into vacuum of Coulomb excited rare-earth nuclei, may be either time-dependent or static with either magnetic or electric perturbations 3 . These time-dependent and static perturbations can also occur simultaneously. The time-dependent effects originate in fast atomic transitions that change both the atomic spins J and their associated fields. If, however, an excited atomic (or ionic) system can reach its ground state in a time very short compared with the nuclear mean life T, one may observe a static perturbation.
Time-differential measurements of Gk(t) have a trivial superiority over time-integral techniques, if they can be accomplished at all. It is the aim of the present work to try and determine in a time-differential method the temporal behaviour of Gk(t). The idea is based on the fact that in this way a small static component can be filtered out from a composition having mostly a time-dependent content.
III. The Time-differential Method
In order to detect attenuation-coefficients Gk(t) or integral attenuation coefficients oc
highly anisotropic distributions are necessary. For an even-even nucleus in Coulomb excitation, a known distribution of gamma rays is obtained when working in coincidence with the back scattered particles, namely:
If a silver plunger is situated at a distance d from a target, then the forward recoiling nuclei of velocity v will hit the plunger at a moment t = d/v . Silver is known to be a hyperfine-free medium which will preserve the nuclear alignment (Ref. 4 ). One observes in this case the time dependent angular distribution:
We start with a specific simple case. It was assumed that in the case of 152 Sm, for which a time-dependent magnetic interaction was found (Ref.
3 ) a lowvelocity recoil into vacuum would reduce the magnitude of the time-dependent interaction, allowing a possible static component to be observed. Working with low-velocity recoil one can avoid charge states higher than +2. Under such conditions one hopes to obtain the 7 = 0 of the Sm° and Sm +2 which do not affect W (&, t) , and 7 = 1/2 for Sm +1 . We expect then a pure magnetic coupling. The above expressions (1) for Gk (t) give for 7 = 1/2 and 7 = 2:
where the magnetic hyperfine structure constant is given by:
Figure 1 represents two calculated time-dependent intensities of the radiation in a plunger experiment. It is calculated for 0 = 45° and 0 = 90° with respect to the beam, in coincidence with back-scattered particles. It was assumed for this calculation that all nuclei are subjected to the static hyperfine field and that the experimental set-up was capable of infinitely narrow time resolution. 
IV. Measurements and Results
While the method obviously calls for a coincidence arrangement, we are not able at the moment to perform such an experiment. We have therefore limited ourselves to a considerably reduced anisotropy, using the 6 MeV a beam of a Strasbourg Van de Graaff machine. In a Coulomb excitation with 6 MeV a-projectiles, the maximum recoil energy of an excited samarium nucleus is 600 keV, corresponding to ß = v/c = 0.29%. It is unlikely that a considerable amount of ionization states higher than the 2 + can be obtained 6 .
Without coincidence arrangement the gamma radiation with respect to the beam is given by:
where a/v (s) and Ak are Coulomb excitation particle parameter and y-y angular correlation coefficients respectively (Ref. 7 ). What was anticipated then was a static component due to the / = 1/2 ground state of Sm +1 . This would lead to G2(t) and G^(t), (3), which would oscillate with the single frequency OJ = 5 a/2h. We also assumed that this was the single static component. Other time-dependent processes, if they did exist, would affect 1(0, t) (2), in a smooth monotonic way as predicted by ABRAGAM and POUND 9 . The distribution of the recoiling Sm ions had to be weighted by the relative cross section for producing a single ionized atom. Such phenomena are not well known at present and this made such a calculation impossible. If this weighted distribution were to be peaked in any direction, the observation of OJ would be possible.
The intensity l(0,t)
was recorded for a few 0 as a function of the plunger distance. Figure 2 represents the run at 0 = 28°. The initial behavior resembles the time-dependent attenuation as measured in a time-differential technique by a group in FREIBURG 10 . Roughly, an exponential behaviour can be assigned to this part of 1(0, t) with a decay constant of lOOps. Such values were usually measured for rare-earth ions 10 ' 11 . Following the decreasing behaviour we observe an oscillating timedependence. We relate this to the nuclear spin precession. In such conditions the amplitude of the oscillation has no meaning since the factors that dictate it are not known, as, for example the fraction of the singly ionized Sm in their ground state. Nevertheless it is the temporal dependence that contains the interaction strength. The system was also run with a thick target where the velocity spread was expected to obscure completely the oscillations. This was verified experimentally.
In conclusion, the phase-space coordinates in the present experiment, of the emitted Sm nuclei, tend to distort the details of the spin rotation following the I J coupling to a resultant F. Moreover, further remote oscillations in time will be more and more obscured. However, this first attempt points at a very promising way for determination of fields at the nucleus, ratios of moments, etc. As mentioned, it seems that highly aligned nuclear systems followed by narrowly defined velocities and directions, are especially suited for such experiments. This is particularly tempting for cases where Coulomb Excitation with back-scattering projectiles in coincidence with the de-exciting gamma radiation are performed. The pattern of G]:(t) becomes more complicated with increasing J, but this introduces no difficulty in the principle of the experiment *.
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